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Description 

[PIXEL STRUCTURE AND FABRICATING 

METHOD THEREOF] 

Cross Reference to Related Applications 

[0001] This application claims the priority benefit of Taiwan ap- 
plication serial no. 91122802, filed October 03, 2002. 
Background of Invention 

[0002] Field of Invention 

[0003] jhe present invention relates to a semiconductor device 
structure and fabricating method thereof. More particu- 
larly, the present invention relates to a thin film transistor 
liquid crystal display (TFT-LCD) pixel structure and fabri- 
cating method thereof. 

[0004] Description of Related Art 

[0005] a thin film transistor liquid crystal display (TFT-LCD) is a 
type of display that comprises a thin film transistor array 
substrate, a color filter array substrate and a liquid crystal 
layer. The thin film transistor array substrate includes a 



plurality of thin film transistors arranged to form an array 
and a plurality of pixel electrodes corresponding to the 
thin film transistors. Each thin film transistor has a gate, a 
channel layer, a drain terminal and a source terminal. The 
thin film transistor actually serves as a switching element 
in each liquid crystal display unit. 

[0006] The operating principles of a thin film transistor are very 
similar to a conventional MOS device. Both the thin film 
transistor and the MOS device have three terminals (a gate 
terminal, a drain terminal and a source terminal). Accord- 
ing to the fabricating material, a thin film transistor can 
be categorized as an amorphous silicon transistor or a 
polysilicon transistor. Since the amorphous silicon tran- 
sistor has been around for some time, the fabricating 
technique is relatively mature. The fabrication of an amor- 
phous silicon transistor typically involves forming a gate, 
a channel layer, source/drain terminals, a pixel electrode 
and a passivation layer over a substrate. Although amor- 
phous silicon transistor has been developed for some 
time, researchers are still actively looking for innovative 
steps that can reduce the number of masking steps and 
increase production yield. 

[0007] pigs. 1A to IE are schematic cross-sectional views show- 



ing the progression of steps for producing the pixel of a 
conventional thin film transistor liquid crystal display. The 
fabrication process includes five masking steps. First, as 
shown in Fig. 1A, a metallic layer is formed over a sub- 
strate 100. A first masking step is performed to pattern 
out a gate 102. Thereafter, insulation material is de- 
posited over the substrate 100 globally to form an insula- 
tion layer 104 that covers the gate 102. That portion of 
the insulation layer 104 covering the gate 102 serves as a 
gate insulation layer. 
[0008] As shown in Fig. IB, an amorphous silicon layer (not 

shown) is formed over the insulation layer 104. A second 
masking step is performed to pattern out a channel layer 
106. The channel layer 106 is formed over the gate insu- 
lation layer 104 above the gate 102. An ohmic contact 
layer (not shown) may also be formed over the channel 
layer 106. 

[0009] As shown in Fig. 1C, another metallic layer (not shown) is 
formed over the substrate 100. A third masking step is 
carried out to pattern the metallic layer into source/drain 
terminals 108b/108a. In this step, a definite thickness of 
the channel layer 106 is also removed. 

[0010] As shown in Fig. ID, a passivation layer 110 is formed 



over the source/drain terminals 108b/108a. A fourth 
masking step is carried out to pattern the passivation 
layer 110. Thus, an opening 112 that exposes the drain 
terminal 108a is formed in the passivation layer 110. 

[0011] Finally, as shown in Fig. IE, an indium-tin oxide electrode 
layer is formed over the passivation layer 110 and inside 
the opening 112. A fifth masking step is carried out to 
pattern the indium-tin oxide layer into a pixel electrode 
114. The pixel electrode 114 and the drain terminal 108a 
are electrically connected through conductive material 
within the opening 112. 

[0012] | n the aforementioned process of fabricating a TFT-LCD, 
altogether five masking steps are required. Since each 
masking step involves a series of sub-steps including 
moisture-release baking, coating, photoresist depositing, 
soft baking, photo-exposure, post-exposure baking, 
chemical development, hard baking and etching, each ad- 
ditional masking step will increase production cost con- 
siderably. Moreover, each additional sub-step carried out 
in the masking operation such as a moisture-release bak- 
ing or coating will lower overall product yield. 
Summary of Invention 

[0013] Accordingly, one object of the present invention is to pro- 



vide a pixel structure and fabricating method thereof that 
can reduce the number of masking steps. 
[0014] a second object of this invention is to provide a pixel 

structure and fabricating method thereof that can simplify 
the fabrication of the pixel structure and hence reduce 
production cost. 

[0015] jo achieve these and other advantages and in accordance 
with the purpose of the invention, as embodied and 
broadly described herein, the invention provides a method 
of forming a pixel structure. First, a gate and a scan line 
having connection with the gate is formed over a sub- 
strate. An insulation layer is formed over the substrate 
covering the gate and the scan line. Thereafter, a channel 
layer is formed over the insulation layer above the gate. 
Source/drain terminals are formed over the channel layer 
to form a thin film transistor. At the same time, a data line 
having connection with one of the source/drain terminals 
is formed over the insulation layer. Furthermore, a con- 
ductive layer is formed over another scan line next to the 
scan line when the source/drain terminals are formed. The 
conductive layer, the scan line and the insulation layer be- 
tween the conductive layer and the scan line together 
constitute a pixel storage capacitor. A passivation layer is 



formed over the substrate covering the thin film transis- 
tor. A photoresist layer is formed over the passivation 
layer. Using the gate, the source/drain terminals, the scan 
line, the data line and the conductive layer as a mask, a 
back exposure process and a chemical development pro- 
cess are performed to pattern the photoresist layer. Using 
the patterned photoresist layer as an etching mask, the 
passivation layer and the insulation layer are patterned 
such that one of the sidewalls of the source/drain termi- 
nal and one of the sidewalls of the conductive layer are 
exposed. The photoresist layer is removed and then a 
pixel electrode is formed over the passivation layer. The 
pixel electrode is electrically connected to the drain ter- 
minal through the drain terminal sidewalk In addition, the 
sidewall of the conductive layer and the pixel electrode 
are also electrically connected so that both the conductive 
layer and the pixel electrode are at an identical potential 
level. This invention may further include the step of form- 
ing an opening that exposes the drain terminal is also 
formed in the passivation layer. The pixel electrode is 
electrically connected to the drain terminal through con- 
ductive material in the opening and sidewall of the drain 
terminal. 



[0016] This invention also provides an alternative method of fab- 
ricating a pixel structure. First, a gate and a scan line hav- 
ing connection with the gate are formed on a substrate. 
An insulation layer is formed over the substrate covering 
the gate and the scan line. Thereafter, a channel material 
layer is formed over the insulation layer and then a metal- 
lic layer is formed over the channel material layer. A pat- 
terned first photoresist layer is formed over the metallic 
layer. Using the first photoresist layer as a mask, the 
metallic layer is patterned to define a data line and a 
source/drain metallic layer. Using the first photoresist 
layer as a mask again, the channel material layer is pat- 
terned to define a channel layer. Using the first photore- 
sist as a mask layer for the third time, the source/drain 
metallic layer is patterned to define a source/drain termi- 
nal. The source terminal is electrically connected to the 
data line. The gate, the channel layer and the source/drain 
terminals together constitute a thin film transistor. Fur- 
thermore, a conductive layer is formed over another scan 
line next to the scan line when the source/drain terminals 
are formed. The conductive layer, the scan line and the 
insulation layer between the conductive layer and the scan 
line together constitute a pixel storage capacitor. The first 



photoresist layer is removed and then a passivation layer 
is formed over the substrate covering the thin film tran- 
sistor. Next, a second photoresist layer is formed over the 
passivation layer. Using the gate, the source/drain termi- 
nals, the scan line, the data line and the conductive layer 
as a mask, a back exposure process and a chemical devel- 
opment process are performed to pattern the second 
photoresist layer. Using the patterned second photoresist 
layer as an etching mask, the passivation layer and the in- 
sulation layer are patterned such that one of the sidewalls 
of the source/drain terminal and one of the sidewalls of 
the conductive layer are exposed. The second photoresist 
layer is removed and then a pixel electrode is formed over 
the passivation layer. The pixel electrode is electrically 
connected to the drain terminal through the sidewall of 
the drain terminal. In addition, the sidewall of the conduc- 
tive layer and the pixel electrode are also electrically con- 
nected so that both the conductive layer and the pixel 
electrode are at an identical potential level. This invention 
may further include the step of forming an opening that 
exposes the drain terminal that is also formed in the pas- 
sivation layer. The pixel electrode is electrically connected 
to the drain terminal through conductive material in the 



opening and sidewall of the drain terminal. 
[0017] This invention also provides a pixel structure suitable for 
building over a substrate. The pixel structure includes a 
thin film transistor, an insulation layer, a passivation layer 
and a pixel electrode. The pixel structure is controlled 
through a scan line and a data line. The thin film transis- 
tor is formed over the substrate. The thin film transistor 
has a gate terminal, a channel layer and source/drain ter- 
minals. The scan line is formed on the substrate. The scan 
line and the gate terminal are electrically connected. The 
data line is also formed on the substrate. The data line 
and the source terminal are electrically connected. The in- 
sulation layer is formed over the substrate only where the 
gate, the source/drain terminals, the data line and the 
scan line are located. The insulation layer covers the gate 
terminal and the scan line. Similarly, the passivation layer 
is formed over the substrate only where the gate, the 
source/drain terminals, the data line and the scan line are 
located. The passivation layer covers the source/drain ter- 
minals and the data line. One of the sidewalls of the 
source/drain terminal is exposed. In addition, the pixel 
electrode is formed over the substrate. The pixel electrode 
corresponds in position to the thin film transistor. The 



pixel electrode and the sidewall of the drain terminal of 
the thin film transistor are electrically connected. The 
pixel structure of this invention may further include a 
conductive layer over another scan line next to the scan 
line. Furthermore, the conductive layer, the scan line and 
the insulation layer between the conductive layer and the 
scan line together constitute a pixel storage capacitor. 
The sidewall of the conductive layer and the pixel elec- 
trode are electrically connected so that the conductive 
layer and the pixel electrode are at an identical potential 
level. This invention may further include a conductive 
structure within the passivation layer such that the pixel 
electrode and the drain terminal are electrically connected 
through the conductive structure and the sidewall of the 
drain terminal. 

[0018] | n fabricating the pixel structure of this invention, the 

passivation layer is directly patterned using metallic ma- 
terial layers (including the gate and the source/drain ter- 
minals) as photo-masks. Hence, one less masking step is 
required. 

[0019] Moreover, the drain terminal of the thin film transistor 
and the pixel electrode in the pixel structure of this in- 
vention can be directly connected through the exposed 



sidewall of the drain terminal through a piece of conduc- 
tive material embedded within an opening inside the pas- 
sivation layer. 

[0020] it is to be understood that both the foregoing general de- 
scription and the following detailed description are exem- 
plary, and are intended to provide further explanation of 

the invention as claimed. 
Brief Description of Drawings 

[0021] The accompanying drawings are included to provide a 

further understanding of the invention, and are incorpo- 
rated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention and, to- 
gether with the description, serve to explain the principles 
of the invention. 

[0022] pigs. 1A to IE are schematic cross-sectional views show- 
ing the progression of steps for producing the pixel of a 
conventional thin film transistor liquid crystal display. 

[0023] pig. 2 is a top view of a pixel structure of a thin film tran- 
sistor liquid crystal display according to a first preferred 
embodiment of this invention. 

[0024] Figs. 3A to 3H are schematic cross-sectional views show- 
ing the progression of steps for fabricating a pixel struc- 
ture like the cross-sectional structure along line l-P of Fig. 



2. 

[0025] pig. 4 is a cross-sectional view of the pixel storage capac- 
itor structure along line 11—11" of Fig. 2. 

[0026] pig. 5 is a top view of a pixel structure of a thin film tran- 
sistor liquid crystal display according to a second pre- 
ferred embodiment of this invention. 

[0027] Figs. 6A to 6J are schematic cross-sectional views show- 
ing the progression of steps for fabricating a pixel struc- 
ture like the cross-sectional structure along line l-l' of Fig. 
5. 

[0028] Fig. 7 is a cross-sectional view of the pixel storage capac- 
itor structure along line 11—11" of Fig. 5. 
Detailed Description 

[0029] Reference will now be made in detail to the present pre- 
ferred embodiments of the invention, examples of which 
are illustrated in the accompanying drawings. Wherever 
possible, the same reference numbers are used in the 
drawings and the description to refer to the same or like 
parts. 

[0030] Fig. 2 is a top view of a pixel structure of a thin film tran- 
sistor liquid crystal display according to a first preferred 
embodiment of this invention. Figs. 3A to 3H are 
schematic cross-sectional views showing the progression 



of steps for fabricating a pixel structure like the cross- 
sectional structure along line l-l' of Fig. 2. As shown in 
Figs. 2 and 3A, a substrate 200 such as a glass substrate 
or a transparent plastic substrate is provided. Metallic 
material is next deposited over the substrate 200 to a 
thickness such as several thousand Angstroms to form a 
metallic layer (not shown). The metallic layer is formed, 
for example, by sputtering metallic material such as tan- 
talum, titanium or aluminum. Thereafter, a first masking 
step is carried out to pattern the metallic layer into a scan 
line 202, a gate 202a and a metallic pad 202b. Each scan 
line 202 extends towards the edge of the substrate 200 
such that the end of the scan line 202 is patterned into 
the metallic pad 202b for connecting with a chip driver. 

[0031] An insulation layer 204 is formed over the substrate 200 
globally so that the gate line 202, the gate 202a and the 
metallic pad 202b are covered. The insulation layer 204 is 
a silicon nitride layer or an oxide layer formed, for exam- 
ple, by conducting a plasma-enhanced chemical vapor 
deposition (PECVD). The insulation layer 204 on the gate 
202a serves as a gate insulation layer. 

[0032] As shown in Fig. 3B, a channel material layer (not shown) 
is formed over the insulation layer 204. A second masking 



step is carried out to pattern the channel material layer 
into a channel layer 206. The channel layer 206 is formed 
over the gate insulation layer 204 above the gate 202a. An 
ohmic contact layer (not shown) may also be formed on 
the surface of the channel layer 206. The channel layer 
206 is an amorphous silicon (a-Si) layer and the ohmic 
contact layer is a doped amorphous silicon layer (n+-Si), 
for example. 

[0033] As shown in Figs. 2 and 3C, another metallic layer (not 
shown) is formed over the substrate 200. The metallic 
layer is made of chromium, for example. Thereafter a 
third masking step is carried out to pattern the metallic 
layer into a data line 208, source/drain terminals 
208a/208b, a conductive layer 208c and a metallic pad 
208d. The third masking step also removes a definite 
thickness from the channel layer 206. In addition, an 
opening 220 is also formed in the drain terminal 208a 
while the metallic layer is patterned. The opening 220 
serves as a receptacle for conductive material that serves 
as an electrical connection between a subsequently 
formed pixel electrode and the drain terminal 208a. In 
this embodiment, however, the opening 220 in the drain 
terminal 208 can be selectively formed. In other words, 



connection with the drain terminal 208a can be achieved 
by other means. 

[0034] At the end of the aforementioned steps, the gate 202a, 
the channel layer 206 and the source/drain terminals 
208a/208b together constitute a thin film transistor 211. 
Moreover the data line 208 extending to the edge of the 
substrate 200 is connected to a metallic pad 208d for 
subsequent connection with a driver chip. In addition, the 
scan line 202 underneath the conductive layer 208c and 
the insulation layer 204 between the conductive layer 
208c and the scan line 202 together constitute a pixel 
storage capacitor structure. 

[0035] As shown in Fig. 3D, a passivation layer 210 is formed 
over the substrate 200 globally such that the thin film 
transistor 211 is also covered. The passivation layer 210 
is a silicon nitride layer formed, for example, by conduct- 
ing a plasma-enhanced chemical vapor deposition. There- 
after, a photoresist layer 212 is formed over the passiva- 
tion layer 210. 

[0036] As shown in Fig. 3E, using the scan line 202, the gate 
202a, the data line 208, the source/drain terminals 
208a/208b, the conductive layer 208c and the metallic 
pads 202b, 208d as a photo-mask, a back exposure pro- 



cess 214 is carried out. In the back exposure process 214, 
a beam of light shines into the substrate 200 from its 
back. The photoresist layer 212 is chemically developed to 
form a patterned photoresist layer 212a. 

[0037] As shown in Fig. 3F, using the patterned photoresist layer 
212a as an etching mask, a portion of the passivation 
layer 210 and the insulation layer 204 is removed to form 
a patterned passivation layer 210a and a patterned insula- 
tion layer 204a. Note that the sidewall of a portion of the 
metallic material layer (including the sidewalls of the 
source/drain terminals 208a/208b) formerly used as a 
mask in photo-exposure is also exposed after the etching 
process. In other words, the outer sidewall of the drain 
terminal 208a is exposed. In addition, if the drain terminal 
208a includes an opening 220, the inner sidewalls of the 
opening 220 are similarly exposed. 

[0038] N 0 te also that there is no need to fabricate a special 

photo-mask. This is because the scan line 202, the gate 
202a, the data line 208, the source/drain terminals 
208a/208b, the conductive layer 208c and the metallic 
pads 202b, 208c together can serve as a photo-mask. 
Therefore, this invention eliminates the need for produc- 
ing a photo-mask to pattern the passivation layer. 



[0039] As shown in Figs. 2, 3G and 3H, the photoresist layer 
212a is removed and then a transparent electrode layer 
(not shown) is formed over the passivation layer 210a. 
The transparent electrode layer is an indium-tin oxide 
layer having a thickness of about 1000A formed by sput- 
tering, for example. Thereafter, a fourth masking step is 
carried out to pattern the transparent electrode into a 
pixel electrode 216 that also covers over the drain termi- 
nal 208a. 

[0040] since the sidewall of the drain terminal 208a has already 
been exposed in a previous step, the pixel electrode 216 
and the drain terminal 208a are electrically connected 
through the exposed sidewall of the drain terminal 208a. 
Similarly, the metallic pads 202b, 208d and the overlying 
transparent electrode layer are electrically connected 
through the exposed sidewalls. 

[0041] pig. 4 is a cross-sectional view of the pixel storage capac- 
itor structure along line II — II" of Fig. 2. As shown in Fig. 4, 
the scan line 202 is the lower electrode, the conductive 
layer 208c is the upper electrode and the insulation layer 
204a between the scan line 202 and the conductive layer 
208c is the dielectric layer of a pixel storage capacitor. 
Because the passivation layer 210a and the insulation 



layer 204a have already been patterned in previous steps 
and a sidewall of the conductive layer 208c is already ex- 
posed, the conductive layer 208c and the pixel electrode 
216 are electrically connected through the exposed side- 
wall of the conductive layer 208c. Consequently, the con- 
ductive layer 208c that also serves as the upper electrode 
of the pixel storage capacitor and the pixel electrode 216 
are at an identical potential level. 

[0042] The pixel structure according the first embodiment of this 
invention comprises a substrate 200, a thin film transistor 
211, a pixel electrode 216, a conductive layer 208c, a 
patterned insulation layer 204a and a patterned passiva- 
tion layer 210a. The pixel electrode is under the control of 
the data line 208 and the scan line 202. 

[0043] The thin film transistor 211 is formed over the substrate 
200. The thin film transistor 211 has a gate 202a, a chan- 
nel layer 206 and source/drain terminals 208a/208b. The 
gate 202a and the scan line 202 are electrically con- 
nected. The gate 202a and the channel layer 206a are 
electrically insulated through the patterned insulation 
layer 204a. The source/drain terminals 208a/208b and 
the data line 208 above the channel layer 206 are electri- 
cally connected. The patterned passivation layer 210a is 



formed over the thin film transistor 211 for protecting the 
thin film transistor 211. The conductive layer 208c is 
formed over the insulation layer 204a either above the 
previous or the next scan line 202 in the pixel structure. 
The conductive layer 208c, the insulation layer 204a and 
scan line 202 under the conductive layer 208c together 
form the pixel storage capacitor of the pixel structure. 
[0044] | n t he pixel structure of this invention, the passivation 

layer 210a and the insulation layer 204a is formed in re- 
gions having a metallic material layer such as the gate 
202a, the source/drain terminals 208a/208b, the conduc- 
tive layer 208c, the data line 208, the scan line 202 and 
the metallic pads 202b, 208d only. Furthermore, a portion 
of the sidewalls of the metallic material layer is also ex- 
posed. 

[0045] | n addition, a pixel electrode 216 is formed over the pas- 
sivation layer 210a. The pixel electrode 216 is electrically 
connected to the drain terminal 208a through an exposed 
sidewall of the drain terminal 208a. The pixel electrode 
216 is also similarly electrically connected to the underly- 
ing conductive layer 208c through an exposed sidewall of 
the conductive layer 208c. This invention may further in- 
clude a conductive structure 220 formed within the passi- 



vation layer 210a such that the pixel electrode 216 and 
the source terminal 208a are electrically connected 
through the conductive structure 220 as well as the side- 
wall of the drain terminal 208a. 

[0046] pig. 5 is a top view of a pixel structure of a thin film tran- 
sistor liquid crystal display according to a second pre- 
ferred embodiment of this invention. Figs. 6A to 6J are 
schematic cross-sectional views showing the progression 
of steps for fabricating a pixel structure like the cross- 
sectional structure along line 1-1" of Fig. 5. As shown in 
Figs. 5 and 6A, a substrate 300 such as a glass substrate 
or a transparent plastic substrate is provided. Metallic 
material is next deposited over the substrate 300 to a 
thickness such as several thousand Angstroms to form a 
metallic layer (not shown). The metallic layer is formed, 
for example, by sputtering metallic material such as tan- 
talum, titanium or aluminum. Thereafter, a first masking 
step is carried out to pattern the metallic layer into a scan 
line 302, a gate 302a and a metallic pad 302b. Each scan 
line 302 extends towards the edge of the substrate 300 
such that the end of the scan line 302 is patterned into 
the metallic pad 302b for connecting with a chip driver. 

[0047] A n insulation layer 304 is formed over the substrate 300 



globally so that the gate line 302, the gate 302a and the 
metallic pad 302b are covered. The insulation layer 304 is 
a silicon nitride layer or an oxide layer formed, for exam- 
ple, by conducting a plasma-enhanced chemical vapor 
deposition (PECVD). The insulation layer 304 on the gate 
302a serves as a gate insulation layer. 

[0048] As shown in Fig. 6B, a channel material layer 305 and a 

metallic layer 307 are sequentially formed over the insula- 
tion layer 304. In this embodiment, an ohmic contact layer 
(not shown) may also form on the surface of the channel 
material layer 305. The channel material layer is a doped 
amorphous silicon (n+-Si) layer and the metallic layer 307 
is a chromium layer, for example. 

[0049] Thereafter, a patterned photoresist layer 309 is formed 
over the metallic layer 307. The photoresist layer 309 is 
patterned through a second masking step. The patterned 
photoresist layer 309 has a thickness corresponding to 
the region having the gate 302a. However, the patterned 
photoresist layer 309 has a thickness smaller than the 
area destined to form the data line, the source/drain ter- 
minals, the conductive layer and the metallic pad. 

[0050] As shown in Figs. 5 and 6C, using the photoresist layer 
309 as an etching mask, the metallic layer 307 is pat- 



terned to define the positions for forming a data line 308, 
a conductive layer 308c, a metallic pad 308d and a 
source/drain metallic layer 308e. The source/drain metal- 
lic layer 308e is the area destined for forming the source/ 
drain terminals. An opening 320 is also patterned within 
the source/drain metallic layer 308e when the metallic 
layer 307 is patterned so that the drain terminal may con- 
nect electrically with a subsequently formed pixel elec- 
trode. In this embodiment, the opening 320 is formed by 
selection. In other words, electrical connection with the 
pixel electrode can be made by some other means aside 
from through the opening 320. The data line 308 extends 
towards the edge of the substrate 300 and connects with 
the metallic pad 308d. The metallic pad 308d serves as a 
contact for connecting with a driver chip. In addition, the 
conductive layer 308c, the scan line 302 underneath and 
the insulation layer 304 between the conductive layer 
308c and the scan line 302 together form a pixel storage 
capacitor. 

[0051] As shown in Fig. 6D, using the photoresist layer 309 again 
as an etching mask, the channel material layer 305 is 
etched to pattern out a channel layer 306. In here, al- 
though a portion of the channel material layer 306a still 



remains under the non-channel layer 308 such as the data 
line 308, its presence has little effect on the performance 
of the device. Furthermore, a definite thickness of the 
photoresist layer 309 is also removed during the etching 
step to form a photoresist layer 309a. The photoresist 
layer 309a exposes the source/drain metallic layer 308e 
above the gate 302a. 

[0052] As shown in Figs. 5 and 6E, using the photoresist layer 

309a again as an etching mask, the source/drain metallic 
layer 308e is etched to pattern out source/drain terminals 
308a/308b. This etching step also removes a definite 
thickness from the channel layer 306 above the gate 
302a. The gate 302a, the channel layer 306 and the 
source/drain terminals 308a/308b together constitute a 
thin film transistor 311. 

[0053] As shown in Fig. 6F, the photoresist layer 309a is removed 
and then a passivation layer 310 is formed over the sub- 
strate 300 globally covering the thin film transistor 311 in 
particular. In this embodiment, the passivation layer 310 
is a silicon nitride layer formed, for example, by conduct- 
ing a plasma-enhanced chemical vapor deposition. There- 
after, another photoresist layer 312 is formed over the 
passivation layer 310. 



[0054] As shown in Fig. 6G, using the scan line 302, the gate 
302a, the data line 308, the source/drain terminals 
308a/308b, the conductive layer 308c and the metallic 
pads 302b, 308d as a photo-mask, a back exposure pro- 
cess 314 is conducted. The light source for conducting 
the back exposure process 314 beams in from the back- 
side of the substrate 300. After the back exposure pro- 
cess 314, the photoresist layer 312 is chemically devel- 
oped to form a patterned photoresist layer 312a. 

[0055] As shown in Fig. 6H, using the patterned photoresist layer 
312a as an etching mask, the exposed the passivation 
layer 310 and the insulation layer 304 are removed to 
form a patterned passivation layer 310a and a patterned 
insulation layer 304a. Note that the sidewall of a portion 
of the metallic material layer (including the sidewall of the 
source/drain terminals 308a/308b) that also serves as a 
photo-mask is also exposed after the etching process. In 
other words, the outer sidewall of the drain terminal 308a 
is exposed. Furthermore, if the drain terminal 308a in- 
cludes an opening 320, the inner sidewall surrounding the 
opening 320 is also exposed. 

[0056] N 0 te also that there is no need to fabricate a special 

photo-mask. This is because the scan line 302, the gate 



302a, the data line 308, the source/drain terminals 
308a/308b, the conductive layer 308c and the metallic 
pads 302b, 308c together can serve as a photo-mask. 
Therefore, this invention eliminates the need for produc- 
ing a photo-mask to pattern the passivation layer. 

[0057] As shown in Figs. 5, 61 and 6J, the photoresist layer 312a 
is removed and then a transparent electrode layer (not 
shown) is formed over the passivation layer 310a. The 
transparent electrode layer is an indium-tin oxide layer 
having a thickness of about 1000A formed by sputtering, 
for example. Thereafter, a third masking step is carried 
out to pattern the transparent electrode into a pixel elec- 
trode 316 that also covers over the drain terminal 308a. 

[0058] since the sidewall of the drain terminal 308a has already 
been exposed in a previous step, the pixel electrode 316 
and the drain terminal 308a are electrically connected 
through the exposed sidewall of the drain terminal 308a. 
Similarly, the metallic pads 302b, 308d and the overlying 
transparent electrode layer are electrically connected 
through the exposed sidewalls. 

[0059] Fig. 7 is a cross-sectional view of the pixel storage capac- 
itor structure along line II — II" of Fig. 5. As shown in Fig. 7, 
the scan line 302 is the lower electrode, the conductive 



layer 308c is the upper electrode and the insulation layer 
304a between the scan line 302 and the conductive layer 
208c is the dielectric layer of a pixel storage capacitor. 
Because the passivation layer 310a and the insulation 
layer 304a has already been patterned in previous steps 
and a sidewall of the conductive layer 308c and the scan 
line 302 are already exposed, the conductive layer 308c 
and the pixel electrode 316 are electrically connected 
through the sidewall of the conductive layer 308c. Conse- 
quently, the conductive layer 308c that also serves as the 
upper electrode of the pixel storage capacitor and the 
pixel electrode 316 are at an identical potential level. 

[0060] The pixel structure according the second embodiment of 
this invention comprises a substrate 300, a thin film tran- 
sistor 311, a pixel electrode 316, a conductive layer 308c, 
a patterned insulation layer 304a and a patterned passiva- 
tion layer 310a. The pixel electrode is under the control of 
the data line 308 and the scan line 302. 

[0061] The thin film transistor 311 is formed over the substrate 
300. The thin film transistor 311 has a gate 302a, a chan- 
nel layer 306 and source/drain terminals 308a/308b. The 
gate 302a and the scan line 302 are electrically con- 
nected. The gate 302a and the channel layer 306 are elec- 



trically insulated through the patterned insulation layer 
304a. The source/drain terminals 308a/308b and the data 
line 308 above the channel layer 306 are electrically con- 
nected. The patterned passivation layer 310a is formed 
over the thin film transistor 311 for protecting the thin 
film transistor 311. The conductive layer 308c is formed 
over the insulation layer 304a either above the previous or 
the next scan line 302 in the pixel structure. The conduc- 
tive layer 308c, the insulation layer 304a and scan line 
302 under the conductive layer 308c together form the 
pixel storage capacitor of the pixel structure. 
[0062] | n the pixel structure of this invention, the passivation 

layer 310a and the insulation layer 304a is formed only in 
regions having a metallic material layer such as the gate 
302a, the source/drain terminals 308a/308b, the conduc- 
tive layer 308c, the data line 308, the scan line 302 and 
the metallic pads 302b, 308d. Furthermore, a portion of 
the sidewalls of the metallic material layer is also ex- 
posed. 

[0063] | n addition, a pixel electrode 316 is formed over the pas- 
sivation layer 310a. The pixel electrode 316 is electrically 
connected to the drain terminal 308a through an exposed 
sidewall of the drain terminal 308a. The pixel electrode 



316 is also similarly electrically connected to the underly- 
ing conductive layer 308c through an exposed sidewall of 
the conductive layer 308c. This invention may further in- 
clude a conductive structure 320 formed within the passi- 
vation layer 310a such that the pixel electrode 316 and 
the source terminal 308a are electrically connected 
through the conductive structure 320 as well as the side- 
wall of the drain terminal 308a. 

[0064] | n fabricating the pixel structure of this invention, the 

passivation layer is patterned using metallic material lay- 
ers (including the gate, the source/drain terminals) as 
photo-masks. Hence, one less masking step is required. 

[0065] Moreover, the drain terminal of the thin film transistor 
and the pixel electrode in the pixel structure of this in- 
vention can be directly connected through the exposed 
sidewall of the drain terminal through a piece of conduc- 
tive material embedded within an opening inside the pas- 
sivation layer. 

[0066] | n the embodiment of this invention, the process of fabri- 
cating two types of thin film transistor is illustrated. How- 
ever, the process can be applied to fabricate thin film 
transistors having some other structures. For example, 
the method of this invention can be applied to fabricate a 



thin film transistor having an etching stop layer on top of 
a channel layer. 

[0067] | t w j|| b e apparent to those skilled in the art that various 
modifications and variations can be made to the features 
of the present invention without departing from the scope 
or spirit of the invention. In view of the foregoing, it is in- 
tended that the present invention covers modifications 
and variations thereof, provided they fall within the scope 
of the following claims and their equivalents. 



